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Objectives 


After going through this lecture, the student should be able to understand: 


■ Translation: mechanism, initiation, elongation and termination in 
prokaryotes 



Translation: mechanism, initiation, elongation and termination in 
eukaryotes 



Post-translational modifications, protein targeting and inhibitors of protein 
synthesis 


From Genes to Genomes 
From Genomes to Proteomes 
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Key: 

Ala = Alanine (A) 

Arg = Arginine (R) 

Asn = Asparagine (N) 
Asp = Aspartate (D) 

Cys = Cysteine (C) 

Gin = Glutamine (Q) 

Glu = Glutamate (E) 

Gly = Glycine (G) 

His = Histidine (H) 
lie = Isoleuone (I) 

Leu = Leucine (L) 

Lys = Lysine (K) 

Met = Methionine (M) 
Phe = Phenylalanine (F) 
Pro = Proline (P) 

Ser = Serine (S) 

Thr = Threonine (T) 

Trp = Tryptophan (W) 
Tyr = Tyrosine (Y) 

Val = Valme (V) 
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Genetic code is the set of rules by which information 
encoded in mRNA sequences is converted into 
proteins by living cells 

> Codon are a triplet of bases which encodes a 
particular amino acid 

> Four bases -> 64 different codon combinations 

> Order of the codons determines the amino acid 
sequence for a protein 

> Coding region always starts with a START codon 
and terminates with a STOP codon 








































































Genetic Code 


Major feature of genetic code 
Universal 

every living thing uses the same code (there are only a few rare and minor exceptions) 
B Degeneracy 

A given amino acid may be specified by more than one codon 
Codon that specify the same amino acid are called synonyms 

Unambiguous 

One codon -> one amino acid 
fl Colinear 

The sequence of amino acids in the polypeptide - from the amino end to the carboxy end 
Corresponds to the base sequence of a gene (from the 5' end to the 3' end) 












Genetic Code 



Codon-Anticodon pairing 

O The three nucleotides on an mRNA codon pair with the three nucleotides of a 
complementary tRNA anticodon in an antiparallel fashion. 


Anticodon 3'-X-Y-Z-5 r 
Codon l 


0 


Crick proposed wobble hypothesis to explain how a single tRNA can recognize several codons 
The first two codon - anticodon pairings have normal Watson - Crick geometry 

■ There is freedom of base pairing between the third codon base and the first anticodon base 

The first anticodon position commonly contain inosine, so that such anticodons can 
recognize three different codons 
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Ribosome 


Translation is the process of protein synthesis in which the genetic information encoded in mRNA is 
translated into a sequence of amino acids in a polypeptide chain, and occurs at one of two locations: 

B Free ribosomes in the cytosol for intracellular proteins 

ER-bound ribosomes (i.e. rough ER) for extracellular proteins 


Structure of the ribosome 

i Ribosomes are made of protein (for stability) and ribosomal RNA (rRNA - for catalytic activity) 

( They consist of two subunits 

Small subunit contains an mRNA binding site 

Large subunit contains three tRNA binding sites - an amino acyl (A) site, a peptidyl transferase (P) site and 
exit (E) site 


Ribosomes can be either found freely in the cytosol or bound to the rough ER (in eukaryotes) 
Ribosomes differ in size in eukaryotes and prokaryotes (eukaryotes = 80S; prokaryotes = 70S) 


Ribosome 
































tRNA are the adaptors molecules 


tRNA structure 

■ At least one specific tRNA for each amino acid 

All tRNA's are 75 to 76 base-pairs in length 

There is extensive interbase-pairing, and tRNA's 
have characteristic clover-leaf appearance 

Amino-Acid Acceptor Stem: Always at the 3’ end. 

The 3'free OH of the ribose attaches to the C- 
terminus of the specified amino acid. 

The 3' end of all amino acids terminates with the 
bases, CCA. 

Anticodon: In loop 2, in the lower region of the 
molecule. It base-pairs to the codon of the mRNA to 
specify which amino acid to bind. 



tRNA has two important arms 
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Translation 
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Process of Translation 


: 

■ 



Activation of amino acids 

Initiation: involves the assembly of an 
active ribosomal complex 

Elongation: New amino acids are brought 
to the ribosome according to the codon 
sequence 

Translocation: amino acids are 
translocated to a growing polypeptide 
chain 

Termination: at certain STOP codons, 
translation is ended and the polypeptide 
is released 





Translation: the first stage 
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tRNA Charging: Occurs in two steps. 

H First, the amino acid is activated (adenylated). 

Then the amino acid is actually added to the tRNA. 



Both steps are carried out by the same enzyme -- Amino-Acyl tRNA Synthetase. 

Amino Acid Activation 

AMP is added to the amino acid (adenylation), by cleavage of one ATP, before the acid is added to the tRNA. 
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Acylation of tRNA 

The AMP is used to catalyze the addition of the acid onto the tRNA at the acid-accepting 
simultaneously sloughed back off. 

The bond energy of the ATP is held in the amino acid tRNA and is used in translation. 


site. The AMP is 
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Specificity 


There is a unique tRNA-Synthetase for each tRNA. That confers high specificity to the process, to prevent 
mispairing. 

Each enzyme binds to one of the unique sites on the tRNA -- in one of the other loops. 



Translation: the first stage 


Aminoacyl-tRNA synthetases attach the correct 
amino acids to their tRNAs 

Taking place in the cytosol, esterify the 20 amino 
acids to their corresponding tRNAs 

The reaction is 


■ 

A Enina acid + l-RNA + ATP ^ ■ 

aminnacyl-LEWA + AMP -I- PP t 


The reaction occurs in two steps reaction 


Dual specificity of aminoacyl-tRNA synthetase 

Amino acid which is activated 

tRNA which would accept the activated amino 
acid 

Proofreading and editing function 

Enchance fidelity of the amino acid attachment to 
tRNA 



f-° ' 0 

t NH a O 


o o o 


| Adenine I 


a-Carboiyl of amino acid 
attacks a-plw&phate of 
ATP, forming S'" amino- 
acyl adenylate. 



V 

P— Q—QB, 



| Adenine I 



E r -Ami.noacyl adenylate 
C amin oacy l-AM P) 



R— C- — O — P— O— | Adenosine | 

■nh 3 o o 


AniLnaacyl-AMP 


AMP 


Amiiwacyl group is transferred to 
2’-Oai ef the -a'-terminal A residue 
of tRNA. releasing AMP. 















































Translation: the second stage 



The second stage / initiation stage 
Formation of Initiation Complex 

Initiator tRNA (Met) starts bound to the small ribosomal subunit 


B elF 2 is bound to the complex too 

Initiation complex binds to 5' cap and scans down until it finds the AUG 
start codon. When the Start Codon is reached, the initiation factors fall 
off. 


The large ribosomal subunits hooks onto the tRNA, and the tRNA gets 
placed into the P-site 

The next tRNA binds to the A-site 

A peptide bond is formed between the amino acids at the A and P sites 


Translation: the second stage 
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Translation: the second stage 
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Translation: the second stage 


F&fftar 

Function 

Bacterial 

DM 

[F-2 

CF-3 

Prevents premature binding of tRNAs to A sitE 

Facilitates binding of fMet-tRMA™* 4 to 305 ribosomal aubunit 

Binds to SOS subunit: prevents premature association of COS 
subunit; enhances specificity of P site for EMet-tRNA™ 1 "' 

Kukaryotic 

elFSB, em 
eIF4A 

Facilitates binding of initiating Met-tRNA^ ‘ to 40S ribosome] subunit 

First factcns to bind 40S subunit, facilitate subsequent steps 

RKA helicase activity removes secondary structure in the mfiMA to permit binding 
to 40S subunit, part of the elF4F ccmpJex 

eIF4B 

eIF4E 

eIF4G 
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Binds to mRNA; faeditates scanning of mRNA to locale the Erst AUG 

Binds to the £' cap of mRNA: part of ihe eIF4F complex 

Binds to eIF4E and lo poly(A) binding protein fPAB), part of the e!F4F ccmplex 

Promotes dissociation of several other initiation factors from 405 subunit as a 
prelude to association of 60S subunit to form SOS initiation complex 

e!F6 

Facilitates dissociation of inactive SOS ribosome into 4GS -and 60S subunits 




Translation: the third stage 

Peptide bond formation and Elongation 

Energy comes from the ATP from tRNA-Charging. 

The free NH 2 on the protein in the A-site attacks the carboxyl of the tRNA amino-acid in the p-site. 

H Enzyme peptidyl transferase carries out the reaction. 

It is made of 23s (or 28s) rRNA. 

The two amino-acid chain is then at the A-site, and there is an uncharged tRNA remaining at the P- 
Site. 




Next translocation of the ribosome occurs, to move the chain to the P-Site, which sloughs off the now 
uncharged tRNA. So after translocation we now have the growing chain the P-Site, and an empty A- 
site, ready for the next tRNA. 
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Translation: the third stage 
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Requirements 

B The initiation complex from stage two 
Aminoacyl-tRNAs 

Soluble cytosolic proteins called elongation factors 
GTP 



GTP Energy is required for 

Binding of the tRNA to the small subunit of the ribosome. 
Translocation 


Translation: the third stage 
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Translation: the fourth stage 




The fourth stage / termination stage 


Elongation and translocation continue until the ribosome reaches a stop codon 

These codons do not code for any amino acids and instead signal for translation to stop 

Release Factors (proteins) recognize and bind to the stop codon. There is no tRNA that recognizes the 
stop codon. 

The polypeptide is released and the ribosome disassembles back into subunits. The polypeptide may 
undergo post-translational modification prior to becoming a functional protein 

Multiple ribosomes can translate a single mRNA sequence simultaneously (forming polysomes) 






Translation: the fourth stage 
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Translation: the fourth stage 



Simplified Overview of the Process of Translation 


tRNA 
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Translation 


Folding 

Nascent polypeptide chain undergoes several 
modifications which convert it to the 
biologically active form 

Polypeptide chain is folded into its native 
conformation 

Permits formation of maximum number of 
intrachain interactions 

Hydrogen bonds, van der Waal forces, 
ionic, and hydrophobic interactions 

Linear or one-dimensional genetic message in 
the mRNA is changed into the three- 
dimensional protein 


the fifth stage 

Protein processing 

Several processing reactions 

Covalent modifications 

Phosphorylation by protein kinases 
Glycosylation at ER or Golgi apparatus 
Hydroxylation at ER 

Proteolytic processing 

Active molecule is formed by proteolytic cleavage 
of the precursor by specific endopeptidases and 
removal the cleaved portion 

Formation of disulphide cross-links 

Removal of N-terminal formylmethionine in 
prokaryotes 


Translation: the fifth stage 
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Overall of Protein synthesis 



Protein synthesis is energetically expensive 
ATP 

Formation of aminoacyl-tRNA 

h Correction of errors 

Energy source for activation of the amino acid 

GTP 

Elongation cycle 
Formation of initiation complex 
Energy source for protein synthesis 

Peptide bond 

At least five high-energy phosphate 


Bacteria consume 30 - 50% of the total 
metabolic energy 

Human spends around 5% of the basal 
metabolic energy 

Perfect fidelity is important 



Inhibitors of protein synthesis 
Streptomycin 

Binds to 30S ribosomal subunit 
Prevents formation of initiation complex 

Tetracyline 

Binds to 30S ribosomal subunit 
Inhibits binding of aminoacyl-tRNA to the A site 

Chloramphenicol 

Inhibits peptidyl transferase activity 
Interfering with elongation of the peptide chain 

Erythromycin 

Binds to the 50S subunit 
Prevents translocation 

Ricin and cyclohexamide 

Target eukaryotic 60S and 80S 

Puromycin 

Structural resemblance with aminoacyl-tRNA 
Terminates protein synthesis 

Diptheria toxin 

Prevents translocation step in eukaryotes 


